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Abstract
 .The acetylcholine receptor AChR is an ion channel involved in signal transmission from motorneuron to skeletal
 .muscle. We describe here a murine-specific splicing variant of the « subunit of the AChR « , which lacks exon 5. « hass s
a truncated extracellular domain which may affect the physiological characteristics of the resulting AChR channel. q 1998
Elsevier Science B.V.
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 .The nicotinic acetylcholine receptor AChR is
central to signal transduction at the neuromuscular
 .junction nmj and is the most extensively charac-
terised ion channel complex. In immature mammalian
muscles, the AChR is composed of four subunits with
w xthe stoichiometry a bgd 1 . Each subunit is en-2
coded by separate genes, all of which have been
relatively well characterised. In mice, the g subunit
has a splicing variant which alters its N-terminal
extracellular domain, thus prolonging the opening
w xtime for the channel 2 .
In mature muscles, the g subunit is replaced by the
« subunit, which has a pattern of expression distinct
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from the other AChR subunits. Early in development,
the a , b , g and d subunits are expressed throughout
the entire muscle fibre. As a muscle matures, these
subunits become restricted to the nmj, due to repres-
w xsion of extrajunctional production 3,4 . In contrast,
the « subunit gene is transcribed exclusively by
sub-synaptic nuclei, from the onset of its expression
w x5 . These spatio-temporal changes in subunit produc-
tion are primarily controlled at the transcriptional
w xlevel 3 . We report here that the « subunit in adult
mice muscles has a splicing variant which is similar
to the variant of the embryonic g subunit.
The expression of the AChR « subunit in rodent
skeletal muscles was examined using a set of primers
w xderived from the murine genomic sequence 6 . The
nucleotide sequence of the primers were 5X-TAG-
X  .GAGACCTGAGGACACTGTCA-3 403–425 and
5X-ATTGCCGTCGTCATCCACGGCAAAGA-3X
 .1548–1573 . Total RNA was isolated from various
0167-4889r98r$19.00 q 1998 Elsevier Science B.V. All rights reserved.
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 .tissues using TRIzol reagent GIBCO-BRL accord-
ing to the manufacturer’s instructions. Contaminant
genomic DNA was removed by treatment with 0.25
 .units of RNase-free DNase Promega per mg of the
total RNA in a reaction mixture containing 40 mM
 .Tris–HCl pH 7.5 , 6 mM MgCl and 10 mM NaCl,2
at 378C for 20 min. After heat inactivation of the
DNase, the RNAs were reverse-transcribed with 100
units of SuperScript II RNase Hy reverse transcrip-
 .tase GIBCO-BRL per 1 mg RNA, using oligo
 .d T as a primer. The reaction was performed in a15
 .solution containing 50 mM Tris HCl pH 8.3 , 75
mM KCl, 3 mM MgCl , 10 mM DTT and 0.5 mM2
each of dATP, dCTP, dGTP and dTTP at 428C for 50
min. The cDNA derived from 0.1–0.2 mg RNA was
amplified using PCR in 20 ml of reaction mixture
containing 1 unit of Taq DNA polymerase GIBCO-
.BRL , 1.0 mM each of primers, 200 mM each of
dATP, dCTP, dGTP and dTTP, 20 mM Tris–HCl
 .pH 8.4 , 50 mM KCl and 1.5 mM MgCl in a2
 .thermal cycler MJ Research . The programme used
to amplify AChR « subunit cDNA consisted of an
initial denaturation at 958C for 2 min, 35 cycles of a
combination of denaturation at 958C for 15 s, anneal-
ing at 668C for 15 s and elongation at 728C for 20 s,
and then the final elongation at 728C for 3 min
followed by a cooling period at 48C. The amplified
products were size-fractionated by electrophoresis
through 1.5% agarose gels and visualised by ethidium
bromide staining. Transcripts derived from the glyc-
 .eraldehyde-3-phosphate-dehydrogenase GAPDH
gene were used as a standard to assess the quality and
quantity of cDNA.
The AChR « subunit cDNA was highly specific to
the muscle fraction and appeared as a doublet signal
 .Fig. 1 . The reaction conditions were altered to
challenge the possibility that the smaller fragment
was an artefact generated by loose binding of the
primers to non-specific sites. However, the expres-
sion patterns were not altered by changing the reac-
tion conditions. Finally, the amplified DNA frag-
ments were isolated and the nucleic acid sequence
determined using an automated sequencer operated
by the Centre of Gene Research, University of Otago.
The sequence of the smaller fragment AChR subunit
.« corresponded to previously described sequencess
of the AChR « subunit, except that it lacked exon 5.
 .The splicing junctions were conserved Fig. 2a . The
Fig. 1. Detection of AChR « subunit transcripts by RT-PCR.
RNAs from murine leg skeletal muscle, heart, kidney or liver or
 .rat skeletal muscle were reverse transcribed q and subjected to
PCR with either AChR « subunit or GAPDH primers. As a
 .control, the reverse transcriptase was omitted y . The products
were size-fractionated through 1.5% agarose gels containing 0.5
mgrml ethidium bromide and photographed on a UV-tran-
silluminator. The white arrowhead points to the spliced AChR «
 .subunit « transcript.s
larger fragment was identical to previously deter-
 .mined AChR « subunit cDNA sequences Fig. 2b
w x6,7 .
The amino acid sequence of the « subunit wass
deduced and compared with the protein structure of
 .the complete « subunit Fig. 3 . The « subunit lackss
part of the extracellular N-terminal domain, which
contains a N-linked glycosylation site and two cys-
teines that are necessary for the formation of a disul-
w xphide-bonded intra-molecular loop 1,6,8 . The equiv-
alent loop structure of the g subunit affects the
coupling between the g and a subunits, which oc-
w xcurs early in the assembly of an AChR complex 9 .
N-glycosylation of the g subunit is similarly impor-
w xtant for folding of the protein 10 . Thus, if «s
transcripts are translated, the resulting receptors are
likely to be functionally different from those pro-
duced from classical « subunits.
The « subunit is spliced in a similar manner to the
g subunit. The g and g subunits are initially co-ex-s
pressed in embryonic muscles, with only the g per-s
w xsisting in the neonate 2 . AChR channels containing
g s subunits have a longer open time than those with
g subunits, indicating that splicing is important for
varying the physiological characteristics of the nmj. It
will be interesting to see if the expression of the «s
subunit also leads to a longer mean channel open
time.
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 .  .Fig. 2. Comparison of the nucleotide sequences of the short « and long « AChR « subunit cDNA fragments with a full cDNAs l
w x  .  .  .  .sequence 7 . a Short « and b long « cDNA fragments. The sequences were compared using the BESTFIT programme in thes l
 .Wisconsin Package Genetics Computer Group, Version 8, September 1994 .
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Fig. 3. Comparison of the deduced amino acid sequences of the
« subunit and classical form of the « subunit. The nucleotides
sequence was translated using the reading frame in the full form
cDNA and the subsequent amino acid sequence was aligned
using the BESTFIT programme. The two cysteines which form
the intra-molecular disulphide bond are typed in bold and a
N-glycosylation site is underlined.
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